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ABSTRACT 


The author examines the MH-53E helicopter maintenance policy in view 
of the JMSDF’s concern. The maintenance data from December 1989 through 
June 1993 was examined using descriptive statistics and multiple 
regression analysis. In particular, the manpower reallocation, 
learning-effect and adequacy of spare-parts are discussed in this 
Son C ee. 

The study indicates successful maintenance practice in reducing the 
unscheduled maintenance hours and awaiting supply § hours. A 
Statistically significant learning effect was not observed using the 
existing available data set. The regression analysis has identified 
Statistically significant factors that explain the behavior of the 
mission-capable hours and the maintenance-work hours. 

Two policy recommendations are formulated: The first 1s a need for 
a more flexible manning policy that reflects and incorporates the actual 
maintenance experience and requirement. The study proposes a more 
dynamic and flexible manning policy based on actual requirements and 
experience. The second recommendation deals with a need for more 
detailed costs and manpower data to achieve MSDF-wide cost-effective 
resource allocation. For the maintenance policy to be cost-effective, 


1t 1S imperative to develop such a data set. 
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EXECUTIVE SUMMARY 


Japan Maritime Self-Defence Force (JMSDF) defines the 
aircraft operating hours (OPS_HR) as the sum of mission 
capable hours (MCT HRY; maintenance hours (MNT_HR) , 
administration hours (ADMN_HR) and awaiting supply hours 
(AWS. HR) . JMSDF is interested in maximizing the mission 
capable hours (MC_HR) by managing both quantity and quality 
mix of maintenance work force, and the level of inventory for 
repair-parts. 

The author examines the MH-53E helicopter maintenance 
policy in view of the above stated JMSDF’s policy concern. The 
maintenance data from December 1989 through June 1993 was 
examined using descriptive statistics and multiple regression 
analysis. In particular, manpower reallocation, the learning- 
effect and adequacy of spare-parts are discussed in this 
Gomeext . 

The study indicates successful maintenance practice at the 
shop level in reducing the unscheduled maintenance hours and 
awalting supply hours for MH-53E. However, the future 
staffing policy should reflect a more realistic manpower 
usage at the shop level. A statistically significant learning 
effect was not observed using the existing available data set. 
This may be more due to the limitations of the data set than 
moemehe reflection of reality. The regression analysis has 


identified statistically significant factors that explain the 


Vid 


behavior of the mission-capable hours and the maintenance-work 
houds. 

Two policy recommendations are formulated: The first is 
a need for a more flexible manning policy that reflects and 
incorporates actual maintenance experience and requirements. 
Under current policy, manpower requirements per aircraft 
remains fixed based on prior knowledge rather than actual 
Operating experience. The total requirement for a given 
aircraft type 1S computed by multiplying such an (aig 
estimate by the total number of aircraft deployed. This 
practice resulted in significant over/under staffing of the 
Maintenance workforce and further retraining. The study 
proposes a more dynamic and flexible manning policy based on 
actual requirements and shop experience. 

The second recommendation deals with a need for more 
detailed cost and manpower data to achieve MSDF-wide cost- 
effective resource allocation. JMSDF currently collects 
limited numbers of aggregate data points which are not totally 
suited for marginal cost analysis. In examining the manpower 
policy, the need for a trade-off analysis between manpower vs 
Spare/repalr parts inventory or an analysis between scheduled 
vs unscheduled maintenance hours became quite clear. We are 
unable to conduct either of these analyses due to a lack of 
appropriate micro-data. For the maintenance policy to be 


cost-effective, 1t 1S imperative to develop such a data set. 


Vie 


In the absence of a correct trade-off framework, we are bound 
to be too "efficient" in one of such endeavors and perpetually 


finding ourselves ina costly sub-optimal world. 


ac 





I. INTRODUCTION 


Pos BACKGROUND 

With the end of the Cold War, "peace dividend" meant 
SrogmicLicant reduction in military budget of many countries. 
This reduction in force is being carried out not only in the 
United States but in many other countries. The military 
planners are obliged to review the scale of their national 
defense. Nowadays, 1t 1s essential for defense planners to 
optimize defense resources. 

Among the myriad of resources, human resources are still 
the most important component in armed services, especially in 
maintenance activities. The share of human related expenses 
easily exceeds more than a half of defense budgets and equals 
to two-thirds of the life cycle costs of weapon systems. 
Therefore, it 1S essential to examine how the manpower 
resources have been used and to explore ways to improve their 


future usage. 


B. PURPOSE 

The purpose of this thesis 1s to analyze the factors that 
influence the productivity of MH-53E maintenance personnel in 
the Japan Maritime Self-Defense Force (JMSDF). The 


maintenance data from December 1989 through June 1993 was 


examined using descriptive statistics and multiple regression 
analysis. 
Two primary research questions are asked: 
1. What has been the nature of maintenance manpower 
policy for MH-53E mine counter-measure helicopters? 
2. How can we improve the manpower policy for MH-53E 


in the future? 


C. FRAMEWORK OF THE RESEARCH 
1. Outline 
There are four parts of this thesis. The first part 
defines the concept of efficiency in military manpower policy. 
The second part provides the background information about MH- 
53E maintenance in JMSDF. The third part examines and 
analyzes historical maintenance data of MH-53E Squadron. The 
final part presents findings and conclusion. 
2. Methodology 
Historical aircraft status and maintenance data on 
JMSDF’s MH-53E was collected from the Reliability Management 
Division, Aircraft Repair Facility, Shimofusa in Japan. This 
data was used to form descriptive statistics and to conduct 
multiple linear regression. Several software packages were 
used to conduct the data analysis. U.S. Navy data was used as 


a reference to compare with the JMSDF’s data. 


3. Scope 

The maintenance productivity was examined by analyzing 
the relationship between maintenance works performed, mission 
Capable hours and the flight hours created. In the process of 
the analysis, we are able to identify and evaluate a dynamic 
work-m1x adjustment by the MH-53E maintenance managers. 

In order to obtain for a more cost-effective 
maintenance policy for MH-53E, one needs to examine trade- 
offs between the scheduled vs unscheduled maintenance hours 
and between manpower and spare/repalir parts inventory. This 
thesis, however, due to the limited nature of the available 
data and time limitation focuses only on the maintenance 


activities at the squadron level. 


II. DEFENSE MANPOWER EFFICIENCY 


Ax INTRODUCTION 

In the design of military weapons systems the problem 1s 
usually stated as: "Given a mission requirement and a fixed 
budget, what are the optimal number and design of weapon 
systems?" 

This general problem statement has received considerable 
attention in recent years because of the phenomenal increase 
in unit cost of the military system. Some observers consider 
the increases as evidence of metas inefficiency" or "waste 
due to bureaucracy." However, the cost increases are not 
confined to the military but are also observed in commercial 
systems. For example, the cost of a B747 aircraft 1s about 
one thousand times that of a DC-3, but no one would argue that 
a DC-3 is more economical and efficient. The conceppaom 
efficiency, when the dimension of output is changing, (teeeere 
as easy to define as one might consider. 

The manpower requirement, the major cost driver for 
operating and maintaining a weapon system, is a function of 
future “work load". Manning efficiency 1S accompanied with a 
prediction of future scenarios. The manning policy, 


therefore, must have a reasonable way to assess both present 


and future operating conditions and personnel and training 
parameters to be effective. 

The estimates of wartime demands and wartime productivity 
are often derived from historical episodes, peacetime 
Maintenance experience, and military exercises that simulate 
wartime conditions. Therefore, large “waste" or “military 
defeat" could easily occur if a policy maker fails to properly 
estimate wartime conditions. The coordination between wartime 
demand and designing force level under a particular scenario 
Memerucial in minimizing such losses. 

U.S. Navy establishes manpower requirements that insure a 
validated and justifiable determination of both military and 


Civilian billets through qualitative and quantitative 


analysis. Although the requirement process 1s clear and 
transparent, it is not always certain that the policy is 
efficient. This process 1s not even transparent at JMSDF. 


JMSDF does not publish the procedure in determining what 
manpower requirement is necessary. It is indeed challenging 
to judge the effectiveness of JMSDF’s manpower policy in this 


Swear onment . 


B. EFFICIENCY CRITERIA 

If the taxpayers’ money 1S spent prudently on the manpower 
component of national defense, three conditions must be 
satisfied. First, for the money spent on manpower, the 


taxpayer should receive the maximum possible increase in the 


national security. Second, the last unit of money spent on 
manpower should contribute just as much to the nation’s 
security as the last unit of money spent on procurement, stock 
of spare parts, or any other defense resource input. Third, 
taxpayers should expect the same value from the last unit of 
money spent on the national defense as that from the last unit 
Spent on any other government program. 

The first condition ensures efficiency within the defense 
manpower program, such that the government receives the most 
out of each manpower expenditure. The second ensures proper 
balance between defense manpower and all other factors that 
contribute to national eevee If the last unit of money 
spent on manpower contributes less than the last unit used on 
procurement, then a reallocation of funds from manpower to 
procurement will improve national security. Finally, the 
third condition ensures that the nation spends the "right" 
amount on national defense compared to other government 
programs. Determining that amount is largely a matter of 
Subjective judgment and the political process. Consequently, 
only the first two considerations will be discussed in this 
Gnesi. 

Manpower requirement processes are designed to achieve 
technical efficiency in the use of defense manpower. During 
this process, analysts measure the work load and develop a 


Standard work day for a particular skill level. Then they 


compute the manpower sufficient to accomplish the work, given 
the technological relationship between inputs and outputs. 

The starting point for assessing efficiency within the 
Manpower program is the identification of goals and functions 
that manpower is tasked to achieve. Force structure, of which 
the weapons systems are a part, and the configuration of the 
structure are not something that manpower policy-makers could 
change. Instead, the goal for the manpower policy maker 1s to 
staff the existing force Structure wath its fixed 
configuration of weapons systems as efficiently as possible. 

Two types of efficiency may be distinguished. The first 
involves technical efficiency, which achieves the most out of 
the resources employed. The second type 1S economic 
efficiency that requires not only technical efficiency but 
requires the least cost mix of resources to produce a given 
evel! Of Output. 

Knowledge of the technological relationship between inputs 
and outputs is a prerequisite for technical efficiency. 
Attaining technical efficiency in defense manpower requires 
information concerning the number of man-hours at a specified 
skill level needed to perform particular work. The least 
man-hours method is technically efficient while it does not 
reflect economic efficiency because the cost of labor is not 
considered. Therefore, the policy currently in-place can 


achieve only technical efficiency at best to the extent that 


managers often ignore the opportunity costs of uSing a 


differenteesks 1) 


C. MANPOWER IN ILS CONCEPT 

The size of flight and ground maintenance crews are 
determined during the weapons system design phase. From the 
earliest acquisition process, the human element must be an 
integral part of system design and logistic support in the ILS 
pieces. The integration is achieved by systematically 
seeking ways to improve methods of operations and by 
identifying the appropriate occupation, skill level and 
manpower mix. The staffing standards developed during this 
process tries to identify the most efficient manpower mix and 
Guatiaary . 

The most common method of developing a manpower 
fequirement iS through =neqres>s onmmamolk ca 4 In devez 
manpower requirements, analysts often simply divide given 
man-hours demand by an estimated amount of labor productivity. 
Although there are many sources of complications and potential 
errors, the end products are typically used as a cost 


effective manpower baseline to support defense policy. 


ILS: A composite of all the Support considerations necessary to 
ensure effective and economical support of a system for its life 
cycle. Tt 1S an integral part of all other aspects of system 
acquisition and operation. (OPNAVINST 4790.2E) 


Statistical Techniques For Manpower Planning (Bartholomew, David 
J, John Wiley & Sons Ltd 1979) 


IIIT. MH-53E MAINTENANCE IN JMSDF 


A. ISSUES SURROUNDING MH-53E 

From 1958, JMSDF has adopted major weapon systems that 
have been used by the United States Navy. Most of this 
procurement was made by Foreign Military Sale, or licensed 
production under bilateral negotiations. MH-53E airborne MCM 
helicopter was first introduced in 1989 under the Midterm 
Defense Program. Only one squadron consisting of eleven 
mere raft 1S currently planned (TABLE I). As of today, ten 
aircraft are deployed and another one 1s in pipeline. 

Aircraft inventory in JMSDF is quite diversified: eleven 
types and approximately 220 aircraft are in service (TABLE 
Mi. This characteristic drives up not only the acquisition 
costs but also operating and support costs. Under tighter 
budget constraints, logistic support for minor systems have 
been given a lower priority compared with major systems such 
as antisubmarine warfare (ASW) aircraft. Although the 
procurement cost per aircraft for MH-53E is not a small sum 
and may not be considered aS a minor system, the logistic 
support activities for MH-53E have languished. Compared with 


other aircraft, the MH-53E does not show explicit maintenance 


TABLE I DEPLOYMENT OF MH-53E IN JMSDF 
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*] MG: Mitsubmshs. Conporattoemmnee 
*2 MHI: Mitsubishi Heavy Industry Ltd. 
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TABLE II JMSDF AIRCRAFT INVENTORIES 
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SOURCE:The Military Balance (International Institute for 
Perasecogic Study 1993-1994 BRASSEY, London 1993) 
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However, 
"“DLOGUCELY Ply agama 


learning effect. 


productivity gain with time. Some possible reasons for this 
are listed below’. 

1. Lack of operational and technical information from the 

UsS. “Nan. 
Since the acquisition 1s not through Foreign Milgtame 
Sales,  JMSDF did not recelve operational and 
technical information from U.S. §N@vy in a )taiew 
manner. 

2. Absence of formal maintenance traininys specific to MH- 

So) G - 
Those instructed in service school are organized not 
for a particular type of aircraft but f07 ieee 
generalized common work required for major aircraft 
systems. Because of this practice, frequent "on the 
job-training" was necessary. 

3. Difference in organizational structure: 
Although both JMSDF and USN used same Maintenance 
Requirement Cards (MRC) , the differences aig 
organization and maintenance levels prevented JMSDF 
Eom taking full advantage of the MRC system 
resulting in inefficient planning and coordinapween: 


(See Appendix A) 


measurement 1s not appropriate. 


az 


any of the reasons listed below may explain the low 
productivity, but may not account for the apparent Taree 
For example, one might argue that the lack of 
technical information at the beginning should actually enhance the 
A more likely explanation may be that the 


B. DATA USED IN ANALYSIS 

A data set from December 1989 to June 1993 is used in this 
research. The primary data 1S categorized by aircraft status 
hours and maintenance man-hours. The maintenance man-hours, 
in turn, are categorized by types of maintenance task and work 
center and specialties (See Appendix B and C). Most of all 
the maintenance work is conducted at the 111st Helicopter Mine 
Countermeasure Flight Squadron and the 31st Maintenance 
Squadron (31MSQ). The raw data reported in the Aircraft 
Status Record (Form A) and Work Order/Record (Form C) 1s sent 
daily to a mainframe computer at Engineering Management 
Department, Shimofusa Aircraft Repair facility. The mainframe 
computer stores this information and processes ane 
periodically. The processed output 1s used to assess the 
reliability of each aircraft and validity of the maintenance 


jeulyshene 


lee 


IV. DATA ANALYSIS 


The data analysis portion of this paper consists of two 
parts, descriptive and forecasting. All man-hours are assumed 
to be homogeneous in quality for a given time period. This 
assumption was considered reasonable to the extent that the 
maintenance work was always conducted by a team and the skill 
mix of a team remained stable across teams. Recorded 
Maintenance man-hours for the same job among different teams 


seem to collaborate this assumption. 


A. DESCRIPTIVE ANALYSIS 
1. Overview of Data 
a. Outline of Monthly Total Maneneutes 
Monthly maintenance man-hours data 1S categorized 
into three major groups based on the types of maintenance 
activities, types of organizations, and the job specialties. 
The maintenance activities, in turn, are categorized into six 
activities: major inspection (MAJ_MH), minor inspection 
(MIN MH), pre/post-flight check (PETS unscheduled 
Maintenance (UNS_MH), common work (COM_MH) and othems: 


(OTR_MH). The organizational classifications divide man-hours 


OMe gee S major component Maintenance, special order 
Maintenance, cannibalization, periodic replacement 


14 


ito Live groups: Line Division (LIN MH), Inspection Division 
(INS_MH), Aircraft Shop (ACS_MH), Avionics Shop (ATS_MH) and 
®reanance Shop (AOS MH). The job-specialty classification 
divides the man-hours into six job categories: Avionics 
Machinist’s Mate (AD_MH), Avionics Electrician’s Mate (AE_MH), 
Mylacion Structural Mechanic (AM MH), Aviation Electronics 
Technician (AT_MH), Aviation Ordnance man (AO_MH) and Aircrew 
Survival Equipment man (PR_MH). 

Figure la shows monthly maintenance man-hour trends 
for the six maintenance activities during the time period from 
December 1989 through June 1993 (total of 14 quarters). (See 
also Appendix B and C). The scheduled maintenance man-hours, 
consisting of the sum of the major and minor inspections and 
pre/post flight check, is by far the largest component (71%) 
of the total maintenance work-hours). Since the majority of 
the scheduled maintenance 1s conducted by Line and Inspection 
Divisions, the organizational share of these divisions are 
shown a similar dominance in Figure lb. 

b. Outline of Operating Hours 

Figure 2 shows the trends in monthly operating 
hours of MH-53E broken into six components: mission capable 
hours (MC_HR), administration hours (ADMN_HR), awaiting supply 
hours (AWS_HR), scheduled maintenance hours (SCH HR), 
unscheduled maintenance hours (UNS_HR) and other hours 


(OTR_HR). The difference in monthly operating hours reflects 


LS 


changes in the actual number of aircraft deployed in the 


squadron. 


TYPE OF MAINTENANCE 
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Figure 1b 
Organizational Share of Monthly Man-hours 
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Figure 2 
Trends in Monthly Operationg Hours 


ie Gace, Vc 415 Oth COnwenIent and anseructive to 
divide the period (December 1989 to June 1993) into four 
phases based mainly upon the number of aircraft deployed as 
shown in Figure 3. 
Phase I. Initial Learning Period (10 months) 
(December 1989 through August 1990) Expansion of 
deployed aircraft from one to 4 with an average 
ale Mant On. 64 
Phase II. Steady Mid-Level Deployment Period (17 months) 
(September 1990 through February 1992) The 
deployed aircraft remained around 6. 


Phase III. First Overhaul Period (9 months) 


ey 


(March 1992 through November 1992) The deployed 
aircraft decreased from 5 to 3 and back to amamaa 
an average aircraft of 4. 

Phase IV. Higher Depiovment Period (7 months) 
(December 1992 through June 1993) The deployed 


aircraft expanded from 7 to 8 with an average 


al Cranmer ce 
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Figure 3 
Four Phases of Maintenance History 
Table III shows learning effect measured in reduced 
awaiting supply time and unscheduled maintenance hours. The 
average monthly mission-capable hours per aircraft (MC_HR/AC) 
remained fairly constant at around 330 (hours/AC/m) throughout 
the four phases. The average monthly scheduled maintenance 
hours (SCH_HR/AC) and the administration Bours (ADMNiRk7 a] 
per aircraft also remained fairly at 50 and 145 (hours/AC/m) 


respectively. The mission-capable hours may be considered as 


ig 


the output of the maintenance activity and the sum of the 
scheduled maintenance and the administration hours as the 
planned inputs. The fact that they remained fairly stable may 
not be too surprising to the extent that their numbers are 
more or less requirement driven. However, the trend in 
unscheduled maintenance (UNS_HR/AC) and awaiting for supply 
hours (AWS_HR/AC) seemed to indicate a real learning effect on 
the part of maintenance management. Both numbers show 
decreasing trend after two years of maintenance experience. 
This 1s particularly remarkable in Phase III where the 
aircraft were used intensively. In comparison to the first 
two years, AWS has improved by almost 2 to 3 times and 


unscheduled maintenance hours improved by 20%. 


TABLE III LEARNING EFFECT MEASURED IN REDUCED AWS 
AND UNSCHEDULED MAINTENANCE HOUR 


MC_HR/AC | SCH_HR/AC}UNS_HR/AC | ADMN_HR/AC |AWS_HR/AC 
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Learning Effect in Maintenance 
c. Optimal Skill Composition for MH-53E Maintenance 

The table VIa shows the initial staffing standard 
called for a total of 18 crew members per aircraft and their 
actual workload. The skill composition of the crew specified 
5 Aviation Machinist's Mates (AD), 4 Aviation Electri@meme ts 
mates (AE), 6 Aviation Structural Mechanics (AM), 2 Aviation 
Electronics technicians (AT) and 1 Aviation Ordinance men and 
Aircrew Survival Equipment men (PR). However, the actual 
experience measured in work hours shows a shift in the 
reguired skill mix. During Phase I, for example, 5% more of 
Machinist’s and 4% less of Electronic technician’s services 
were required. The deviation from the initial standard grew 
with each successive phase from a low of 0.04 in Phase I toa 


high of 0.11 in Phase III. This adjustment seems to reflect 


Z0 


a better understanding of true needs of MH-53E maintenance in 
the JMSDF’s operating environment. The adjustment 1s 
accomplished without any noticeable increase in scheduled 
Maintenance hours (See previous Figure IV) but with a 
reduction in unscheduled maintenance hours and awaiting supply 
hours. Although the average productivity measured for Phase 
TII and IV does not show any noticeable increase, the 
reduction in unscheduled maintenance hours does enhance the 
readiness level of the MH-53E force. TABLE IVb shows the more 
efficient skell-composition obtained from historical man- 
intenance requirement. Maintenance manager will be able to 
aemeive improvement by using this composition. 


TABLE IVa SKILL-COMPOSITION FOR MH-53E MAINTENANCE: 
INITIAL STANDARD AND EXPERIENCE 


amatanenPrsh & | 
Staffing Level of] 
Standard Changes | 
Per Aircrare | ala a 
(StDev) 
Composition fo 2 "lag = 5% from the 
UN oe Standard 


| aap 
Phase II 
Phase III 


Phase IV 
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*1. AD refers to aviation machinist’s mates, AE refers 
to aviation electrician’s mates; AM refers to avium 
Stic tue mechanics; AT refers EC aviation 
electronics technicians; AO+PR refers t0 aviletee 
ordnance men and aircrew survival equipment men. 


TABLE IVb RECOMMENDED SKILL COMPOSITION 


Recommended 
Composition 


Recommended 
Staffing Level 
(Per Aircraft) 





2. Productivity 

The maintenance productivity discussed in this thesis 
1s limited to the average productivity of maintenance man- 
hours. Although the marginal productivity as opposed to the 
average productivity 1s the more relevant measure in 
determining the efficient resource allocation, we are not able 
to compute the marginal productivity due to data limitation. 
Since our interest in the productivity mainly lies in finding 
how JMSDF managed and adjusted to the introduction of MH-53E 
over the years, the average productivity 1S considered 
adequate. 

There are two candidates in measuring the output of 
MH-53E maintenance squadron: one output measure is flight 


hours and the other 1S mission capable hours. Flight hours, 


Ae 


however, may be anfluenced not only by the squadron’s 
Maintenance activities but also by the operational requirement 
considerations. Because of this, many analysts prefer the 
mission capable hours as amore accurate output measure for 
the maintenance activities. However, in case of JMDSF, the 
Maintenance resource staffing was based more upon the expected 
flight hours than the level of “mission-capable hours." 

In another word, 1t would cost considerably more 
Maintenance resources to produce more flight-hours even though 
the mission-capable hours remain the same. This creates some 
difficulty in interpreting the computed productivity, where 
mission-capable hours are expressed as an output of 
maintenance services independent of flight-hours. The problem 
may be compounded by the fact that the “mission-capable-hours" 
are an order of magnitude larger than the typical flight-hours 
moveto 15 times larger.) 

If mission-capable hours and flight-hours’ are 
correlated to a high degree, then the choice does not matter 
for our purpose. Figure 5 shows 43 monthly mission-capable- 
hours and flight-hours between December 1989 through June of 
IS ee 23 months out of 43 months, they moved in the same 
direction and the correlation coefficient between the two was 


memmeire indecisive level of 0.63. 
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FIGURE 5 
Mission-Capable-Hours VS Flight-Hours 


For this reason, we examined the two productivity 
measures in this thesis: Flight-hour Productivity (F_ Prod) 
and Mission-Capable Productivity (MC_Prod). F_ Precuune 
defined as the ratio of total monthly flight hours over total 
monthly maintenance man-hours. MC_Prod is defined as the 
ratio of total monthly mission-capable hours over total 
monthly maintenance man-hours. 

Table V shows that mission-capable-hours are typically 
ten to 16 times larger than flight-hours. The MC-Hr/Flt-Hr 
ratio tends to be larger when the deployed number of aircraft 
1S expanding such as in Phases I and IV and smaller when the 


number is steady or decreasing such as in Phases II and III. 


This 12S consistent with the known fact that the flight-hougs 
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per aircraft tends to expand when the deployed number 


decreases to satisfy operational requirements. 


TABLE V SCALE EFFECT ON AIRCRAFT DEPLOYED 


Phase I 
(Initial expansion) 
Phase II 
(Steady Level) 


Phase III 
(Overhaul ) 
Phase IV 

(Expansion) 


phase 1s reported here. 





Table VI shows opposite moves in "productivity" 
between Phase I to II, and Phase III to IV. According to F- 
PROD, productivity increases from Phase I to II and decreases 
from Phase III to IV, and the converse holds for MC-PROD. The 
results seem to be driven by the changes in the number of 
aircraft deployed and the resulting changes in operating 
procedures for the aircraft. However, the regression analysis 
using time, cumulative flight-hours, and deployed number of 
aircrafts as explanatory variables for F-PROD and MC-PROD did 
not produce any statistically meaningful results. The 


Statistical analysis using the aggregate macro data neither 
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confirms nor rejects the existence of learning. This may be 
mainly due to the limitation of the data than the nature of 
the reality. 


TABLE VI THE CHANGES IN PRODUCTIVITIY 


ee a 


(FLT /MMHR) | (MC/MMHR) | 
Phase I 
(Initial expansion) 
Phase II 
(Steady Level) 
Phase III 
(Overhaul ) 
Phase IV 
(Expansion) 


Average for 
Entire Phases 






Total 
Maintenance 
Man-Hours 


= aa 

























3. Work Load 

To determine the numbers of workers required for a 
given work load is not an easy task in the military. Although 
microeconomics tells us that demand for labor in a competitive 
market is determined by the value of marginal product of 
Labex, monetary value of mine countermeasure by MH-53E is 
difficult to calculate. Therefore, an economical efficient 
staffing standard for a particular work center is difficult to 
determine. 

Table VII shows a part of the staffing standard and 


required maintenance personnel. This proportional statiftmamag 
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standard makes two assumptions. First, 1t assumes no return- 
to-scale effect on man-hours expended. Second, it assumes 
meee the initial assumption of worker productivity is 
accurate, thus the manpower requirement 1s simple matter of 
Meet plication. 

If the standard does not reflect actual required 
manpower, it causes significant labor shortages or surpluses 
at a squadron level. Efficient manpower allocation cannot be 
obtained without studying the actual work load. Developing a 
staffing standard should not be a one-time effort and the 
Standard must be reviewed periodically. Manpower managers 
should monitor the man-hours requirement and the current 
productivity to achieve fairness and an effective work load 


assignment among workers. 


TABLE VII MANNING STANDARD FOR MH-53E 


Current Staffing Standard 


Standard aogPR_| TOTAL 





J 4 | 6 [2 ft a fis 


Recommended Staffing Standard 


515.5) | 312.5) 


Per waircraft 
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B. REGRESSION ANALYSIS 
1. General Concept 

A production function can be defined as the 
relationship between input man-hours and output mission 
capable hours as an output. To find the relationship, a 
multiple linear regression technique was used under the 
assumption that no scale effect exists between input and 
OuE pus 

In regression analysis, we try to find the mix of 
man-hour elements that best describes the variations in 
mission capable hours. Mission capable hours is assumed to 
have a probability ai cUmipoion and each man-hour element is 
assumed to be deterministic. 

One of the goals in estimating a regression production 
equation is to answer the “what if" question such as, "What 
man-hour elements, assuming that the past maintenance 
environment holds, should be increased, if we want to 
increase the mission capable hours?" However, such 
applications may be more difficult than merely improving the 
regression statistics since that will involve a detailed 
understanding of how this data was initially generated in the 
organization. 

2. Correlation among The Data Set 
Table VIII shows a simple correlation matrix among the 


different maintenance categories. The matrix helps one to get 
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an intuitive understanding of the relations among the 
different work categories. For clarity only the correlation 
coefficients higher than 0.6 are shown in this table. (See 
Bopenaix D for a more complete correlation matrix. } 

Table VIIIa shows that the number of aircraft deployed 
MiorsaC)! has a universally high correlation among many 
€omponents of Total Aircraft Operating Hours (OP_HR). For 
example, it is highly correlated with mission capable hours, 
administration hours, flight hours and scheduled maintenance 
hours. Total Aircraft Operating Hours is defined as: (OP_HR) 
=(MC_HR) + (MNT_HR) + (ADMIN_HR) + (AWS_HR) + (OTR_HR). The 
Maintenance Hours (MNT_HR), on the other hand, is defined as 
the sum of the Scheduled Maintenance Hours (SCH_HR) plus the 
Unscheduled Maintenance Hours (UNS_HR). Since scheduled 


maintenance work frequently requires more than a day to 


complete, the maintenance cycle includes both working hours 
and the night-time non-working hours (referred as 
administration hours). The high correlation (0. 78) between 


iemmeenance hour and administration hours reflect this 


Sisear lon. 
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TABLE VIIIa CORRELATION MATRIX 
(COMPOSITION OF OPERATING HOURS) 
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Table VIIIb shows that total activity based man-hours 
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are largely influenced by the changes in major/minor 
inspection and unscheduled maintenance man-hours. 


TABLE VIIIb CORRELATION MATRIX 
(ACTIVITY BASED MAN-HOURS) 


Tot al. 
CC vee oS 








The Line and Inspection Division seem to influence the 
changes in the total organizational man-hours behavior with 


correlation coefficients of 0.72 and 0.83 respectively. 


Si 


Similarly, the significant coefficient of skilled speciallity 
for AD{0.73)}, AE(0.62), AM(0.86) imply that the changes in 
these areas affect the overall changes in speciality-based 
work hours. In other word, these speciallities are the major 


G@eeerminants for the maintenance. 


Table VIIIc Correlation Matrix 
(Organization Based Man-Hours) 





TABLE VIIId CORRELATION MATRIX 
(SKILL SPECIALTY BASED MAN-HOURS) 
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3. Model Building 
Tt 1S noted that the categorization of the original 
data by three different windows (such as Maintenance Activity, 
Organizational division, and Skill Specialties) will be likely 
to create colinearity problems in the regression. Tages 
problem was finessed by treating the man-hours data of each 
window in a mutually exclusive manner. Mission capable hours 
and maintenance hours were treated as dependent variables in 
the regression models. 
The following consideration went into building the 
DrOducr1 OMe run ewme me 
1. Each man-hour element encieane Square and square root 
expression) which is considered to reflect reality was used 


as a possible independent variable. 


2. Six regression equations (two equations per category 
for three categories) that showed the best fit were 


selected. 
3. In order to test the validity of the regression, five 
randomly chosen observations were excluded from the final 


testing. 


4. The data for Pre-flight Checks was removed from the 


prediction model of mission capable hours since, by 
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definition, maintenance hours does not include pre-flight 


eneck . 
o. The non-zero constant models were used for the 
regression of mission capability hour. (Zero-constant 


models were also tested but rejected based on both 


analytical and statistical grounds.) 


6. Linearity of the normal plot of the residuals was 
confirmed (1.e. we have the errors terms normally 


paestributed with constant variance. ) 


7. The Durbin-Watson statistic was used to examine first 
order auto correlations. The final regression model chosen 


did not fail the Durbin-watson test. 


ee, in order to confirm the absence of multicollinearity, 
the variance inflation factor was evaluated and very little 
evidence of multicollinearity was found in the final 


regression model. 


9. The Standard error was used aS a primary performance 
indicator for the obtained equation. The regression 
coefficients were tested at 0.05 level of statistical 


Significance to evaluate the regression models. 
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10. After several dozen equations were tested, the 
following regression equations were selected (See also 


Appendix E for further detail). 


11. Care must be exercised when the equations are to be 
used for practical policy-making purpose, since the reason 
for including some of the independent variables is not 
obvious. Independent variables are considered and must 
fixed numbers and must be within the range that is 
consistent with the past maintenance environment. 
Therefore, the range of dependent variable must be within 


Corea. Oclmeas 


Following observations are based on the Regression 
Analysis: 
1. The regression using elements of maintenance activity 
showed the best fit for predicting MC_HR, and MNT_HR, (See 
Equation 1 and 4). On the other hand, regression using 
elements of skill specialty such as Equation 3 and 6 did 


not do too well. 


2. MNT_HR,; forecasting model showed a better fit than MC_HR;, 
model . This might be due to some uncertain factors such 
as ADMIN_HR and AWS_HR that influence the mission capable 


lelelvkas 
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3. MAJ_MH,, UNS_MH, and INS_MH, which make up the majority 
of total man-hours are not included in the robust MC_HR, 
prediction model. A possoble reason for this omission is 
that since their changes are relatively minor, their 
contributions are expressed in the regression’s constant 


term. 


4. The man-hour elements expressed in the MC_HR prediction 
models may be used as the candidates for improving 


maintenance productivity. 


1) MC-HR,=655+0.5MIN-MH,+0.982SPT-MH,+55 .3,/CAN-MH, 

2) MC_HR,=838+0.427LIN-MH,+0.537ACS-MH, 

3) MC_HR,=1133+0.317AMMH, 

4) MNT-HR,=98 .8+O. 00006 8MIN-MH; +4 .69,/PFT-MH, +0 .000047 UNS-MHj 
5) MNT-HR,=8 .22,/LIN-MH,+0 .0399 INS_MH,+0.000039ACS_MH; 


+0 .000106ATS-MHj -3 .97 /AOS_MH, 
6) MNT-HR,=115+0.181AD_-MH,+0.0509AM_MH, 


4. Production Forecast 


TO” jOredrce?- future output by using the: regression 


models, we need to determine the values for the independent 


variables involved. The deterministic adaptive exponential 


smoothing technique was used for this purpose. The principle 


of this calculation is similar to the moving average method, 


except that more recent data points are given more weight. 


The new forecast 1s descriptively equal to the old one plus 


be, 


some proportion of the past forecastingmerro:- The least 
square error technique used in the regression is also used in 
this method. It 1S important that the forecasting error of 
independent variables (or required maintenance man-hours) 
directly influences the prediction intervals of dependent 
variables. 

Table IX shows the results of the forecasting model. 
Once the various man-hour elements are determined by the 
adaptive smoothing method, then the mission capable hours and 
maintenance hours are computed with a 95% prediction interval. 
The interpretation of each man-hour element is important 
because it implicitly conveys imponeeee information such as 
future operating scale or maintenance productivity. Since we 
use deterministic extrapolation for forecasting the data, the 
result is only applicable in the short run. The regression 
model can only predict the near-future with some confidence 
intervals (or prediction intervals) under specified 


Malnteenanece. en) emneciire 
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TABLE IX FORCASTED MAN-HOURS ELEMENT 


MAN-HOURS FORCASTED BY EXPONENTIAL SMOOTHING 





MAD: MEAN AVERAGE DEVIATION 
MSD: MEAN SQUARE DEVIATION 


TABLE IX(cont’d) 


FORECAST BY REGRESSION MODEL 


MODEL FORCASTED 
(BEST) 


MNT _HR(B ae 





Suppose aircraft availability as a ratio of mission 
capable hours (MC_HR) and operation hours (OPS_HR) is required 
as a part of performance measure. In this case, awaiting 
supply hours (AWS_HR) and administration hours (ADMN_HR) are 


meecded for such a calculation. The determination of these 


oye 


values has to be coordinated and allocated by decision makers 
(See Appendix F). 
5. Marginal Analysis 

The foregoing forecasting analysis assumes that 
maintenance man-hours and operational requirements are fixed 
and that the maintenance productivity 1s constalit au 
specific level. Under this assumption, improving thk2 
productivity 1s precluded. Maintenance managers, however, cé 
still amprove efficiency by reallocating a worker from on: 
work center to another. A worker cannot change his own 
productivity but he can shorten the time required to complete 
a particular maintenance chore through his participation. The 
maintenance time saving resulting from a shift in workforce 
can improve the overall productivity. The effect of 
additional workers and an increased work load is examined in 
the following section. 

a. Additional worker 

Suppose an additional worker can provide 160 man- 

hours per month, then we can calculate the effect Vom 
contribution by using the forecasting model. Table XI shows 


the result of such arcalenulatiteun 
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TABLE X ADDITIONAL LABOR AND MAINTENANCE HOURS 


ADD) ONE WORKER TO 


—_ FORCASTED LINE DIV INSP DIV / SHC AT SHOP AO SHOP 
2422.0 | 2422.0 










MNT_HR 


NET TIME SAVINGS 


p———__4 tes 4 over | ure 
zed ed 





UNIT:HOUR) 


It shows that the most efficient use of his time is 
to allocate it to the Line division. The allocation saves the 
maintenance hours by 13.6 hours a month and results in an 
increase in the mission capable hours. From the efficiency 
point of view, a worker should be hired when the benefit of 
the additional 13.6 mission capable hours is greater than the 
cost of hiring the worker. 

b. Additional aircraft 

The JMSDF currently plans to operate a mine 

countermeasure squadron with eleven aircraft. Ten assets have 


been already delivered and one aircraft is in the pipeline. 


a9 


The question we pose now is to measure how much extra mission 
capable hours we can generate with the addition of one more 
labia arewale - To solve this question, we need to know the 
marginal maintenance man-hours required to maintain additional 
aircraft and the proportion of man-hours each work center has 
to bear. By uSing the regression model we developed, the 
solution can be generated and additional mission capable hours 
will be also computed. Table XI shows the estimated mission 
Capable hours and maintenance hours for an additional 
aircraft. The marginal cost of maintaining an additional 
aircraft should be compared to the marginal benefit of an 
additional aircraft before seen an addition. Since the 
current model assumes the constancy nF maintenance 
productivity, the changes we analyze must not be too large to 
violate that assumption. 
6. Manpower Management 

Our discussions on the maintenance producti vi gaa 
forecasting analysis assumed that all maintenance activities 
and current maintenance planning are efficiently organized and 
conducted. Although some recommendations are made based on 
the model, they are fundamentally short-term and sub-optimal 
in nature. Full optimization, for example, requires trade- 
off analysis in manpower vs spare/repair inventory and trade- 


off analysis in scheduled vs unscheduled maintenance hours. 
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Two approaches might be considered in analyzing more complete 
optimization issues: one short-run, the other longer-run. 


TABLE XI ADDITIONAL AIRCRAFT AND MISSION CAPABLE HOURS 











the model, they are fundamentally short-term and sub-optimal 
in nature. Full optimization, for example, requires trade- 
off analysis in manpower vs spare/repalr inventory and trade- 
off analysis in scheduled vs unscheduled maintenance hours. 
Two approaches might be considered in analyzing more complete 
optimization issues: one short-run, the other longer-run. 
a. Short-run approach 
One approach assumes that maintenance activities 
are based on the status quo and that decisions have to be made 
only to allocate the manpower to save the maintenance hours 
(MNT_HR), administration hours (ADMIN_HR) or improve the 
Supply system to reduce awaiting maintenance hours (AWS_HR). 
This can be theoretically solved at the point where the 


Marginal cost of an additional worker is equal to marginal 
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benefit resulting from a reduction in MNT_HR, ADMN_HR and 
AWS_HR. 

The productivity could be also improved without any 
changes in the maintenance hours but through reduction in the 
maintenance man-hours. This is accomplished by more cost- 
effective reallocation in of speciality -based man-hours. 

b. Long-run policy 

Another approach assumes that current preventive 
Maintenance system are changeable and all resources can be re- 
allocated efficiently within the budget constraiine The 
objective 1s to maximize mission Capable hours while taking 
into account of various key variables. Such key variables 
include the cost of man-hours for preventive maintenance, the 
cost of corrective maintenance and the cost of improving the 
supply system and the cost of overtime. Then the analysis 
takes the form of the Integral Logistics Support concept. 
Although a large scale data base is required to utilize this 
framework, the investment will be cost-effective since the 
Manpower costs are significant for any weapon systems and 


continue to grow in the future. 
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V. CONCLUSIONS AND RECOMMENDATION 


A. CONCLUSION 

Under the typical environment of the aircraft maintenance, 
efficient manpower policy requires a continued increase in 
worker productivity because of keen time constraints that 
workers must satisfy in order to produce high mission capable 
Menis . 

Pibenough thes reqression analysis did not “confirm nor 
reject any gain in the worker productivity, the author 
believes that the JMSDF's MH-53E maintenance policy has 
successfully adapted over the years and reduced both the 
unscheduled maintenance work and awaiting time for the supply 
parts. However, the future staffing policy should reflect 
more realistic manpower usage practiced at the shop level. 

The reason for the absence of statistically significant 
learning effects may be more due to the limitation of the data 
set than the reflection of the reality. This leads to the 
need and recommendation to develop a more detailed micro data 
set. 

The regression analysis has identified statistically 
Significant factors that explain the behavior of the mission- 
capable hours and the maintenance-work hours. Based upon such 


model, the author constructed a prediction model that answers 
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various "what 1f" questions pertaining to efficient resource 


allocation issues. 


B. RECOMMENDATIONS 

Two policy recommendations are formulated: The first is 
a need for a more flexible manning policy that reflects and 
incorporates the actual maintenance experience and 
requirement. Under current policy, the manpower requirement 
per aircraft remains fixed based on the knowledge prior to 
actual operating experience. The total requirement for a 
given aircraft type 1S computed by multiplying the initial 
estimate by the total number :of aircraft deployed. This 
practice initially caused over/under staffing "Open. 
maintenance work force and retraining of the work force. The 
study proposes a more dynamic and flexible manning policy 
based on actual requirement and shop experience. 

The second recommendation deals with a need for more 
detailed cost and manpower data to achieve JMSDF-wide cost- 
effective resource allocation. JMSDF currently colle@a 
limited number of aggregate data which are not totally suited 
for marginal cost analysis. In examining the manpower policy, 
the need for a trade-off analysis between manpower vs 
sSpare/repalr parts inventory or an analysis between scheduled 
vs unscheduled maintenance hours became quite clear. We are 
unable to conduct either of these analyses due to lack of 


appropriate micro data. For the maintenance policy to be 
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cost-effective, 1t 1S imperative to develop such a data set. 
In the absence of correct a trade-off framework, we are bound 
to be too "efficient" in one of such endeavors and perpetually 


finding ourselves ina costly sub-optimal world. 
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APPENDIX A 


MAINTENANCE ORGANIZATION IN JMSDF 





US. Nay: ’0" LEVEL EQUIVALENT "LEVEL BQUVALENT 
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APPENDIX B 


DEFINITION OF SYMBOLS 


——— ae ee a —uieaiiias 2 7 = = 


Symbols Definition 


HR HOUYr Or, Hours 
MH Man-hour or man-hours 
NAC Number of aircraft deployed 


mec rart Operating (=MC+MNT+AWS+ADMN+OTR) 
Status EPLOne 
Mission capable 
Scheduled maintenance 
Unscheduled maintenance 
Maintenance (=SCH+UNS) 
Awaiting supplies 
AeMminustrarilen ¢ 
Moduticatien 
Others 


Type”"of ‘a Major inspection’ 
Maintenance Minor inspection’? 
Pre, Post-flight check 
Unscheduled maintenance 
Canibalization 
| Support work 


Work Center Line Division 
iMceecCE1 On Diyisi1on 
PereGarl”~ Saop 
Avionics Shop 
Ordnance Shop 


Specialities = Aviation Machinist’s Mate 
Aviation Electrician’s Mate 
Aviation Structual Mechanic 
Aviation Electronics Technician 
Aviation Ordnance man 
Aircrew Survival Equipment man 





*] Administration hours: Awaiting maintenance hours due to the 
planned work (e.g., the schedule maintenance during off- 
working hours) 

*2 Major inspection: Phased Inspection (A, B, C, D) 

*3 Minor inspection: other Special Inspections 
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MAIN DATA USED IN ANALYSIS 
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APPENDIX C(cont‘d) 
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APPENDIX D 


SIMPLE CORRELATION MATRIX 
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APPENDIX E 


OUTCOMES OF REGRESSION CALCULATION 
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APPENDIX F 


TRADE OFF BETWEEN SUPPLY(AWS_HR) AND LABOR(ADMIN_HR) 


UNDER PREDICTED MISSON CAPABLE HOURS 


ACHIEBABLE AVALABILITY (%) 





2279 2152 2026 1899 1772 1646 1519 1393 1266 1139 1013 886 760 633 506 380 
PROJECTED ADMN_HR+AWS. HR (in MONTH) 


—™— Mean forcast --#- Pessimistic forcast --**- Optimistic forcast 
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